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SECTION  I 
INTRODUCTION 

Rapid  soIidiHcation  of  metal  alloys  has  shown  that  distinct  and  dramatic  changes  in 
microetructure  and  crystal  form  can  be  attained  beyond  those  possible  using  any  conventional 
method  of  solidincation.  These  results  are  recognized  by  experts  throughout  the  field  of 
metallurgy  as  a  means  to  achieve  major  improvements  in  metal  strength,  environmental 
compatibility,  electrical  properties,  etc.  Through  the  use  of  fast  cooling,  the  following  appears  to 
be  eminently  possible:  (1)  stronger  and  more  corrosion  resistant  steels  because  of  improved 
homogeneity  and  (2)  a  new  breed  of  aluminum,  copper,  and  nickel  alloys  because  of  improved 
secondary  phase  dispersion. 

An  Advanced  Research  Project  Agency  (ARPA)  sponsored  program  with  the  Pratt  & 
Whitney  Aircraft  Group,  Government  Products  Division  (P&WA/Florida),  has  shown  that  by 
using  the  P&WA  RSR  process  and  equipment,  it  is  possible  to  achieve  rapid  solidification  in 
spherical  powder  under  conditions  which  depict  steady-state  operations  commensurate  with 
production  rates  in  excess  of  1400  Ib/hr.  Further,  th.«  program  has  demonstrated  that  concurrent 
high  product  quality  can  be  achieved  and  the  resulting  powder  metal  is  in  a  form  which  can  be 
readily  handled  and  processed  into  useful  shapes  for  subsequent  application.  No  other  method 
known  to  achieve  similar  rates  of  solidification  can  lay  claim  to  these  combined  achievements. 

The  program  has  gone  even  further  since  it  has  demonstrated  that  controlled,  rapid 
solidification  can  lead  to  a  microcrystalline  form,  a  condition  which  could  possibly  point  the  way 
to  alloy  homogeneity  never  before  considered  possible.  It  has  also  siiown  that  a  central  rotary 
source  can  be  used  for  liquid  metal  atomization  into  powder  particles  of  sizes  commensurate  with 
average  particle  cooling  rages  of  10*  -10*  ®K/sec. 

This  program  is  a  modification  to  the  ARPA  sponsored  work  which  is  directed  toward 
superalloy  development.  Its  purpose  is  to  expand  the  scope  of  work  in  the  field  of  rapid 
solidification  from  the  exclusive  study  of  superalloys  to  a  study  of  aluminum  (Al)  and  iron  (Fe) 
base  alloys.  The  specific  objectives  of  this  added  effort  are  the  development  of  an  improved 
aluminum  alloy  suitable  for  V/STOL-A  fan  blades  and  an  improved  iron  alloy  suitable  for  rolling 
element  bearings  for  advanced  aircraft  powerplants. 

The  program  is  a  36-month  effort  which  begins  with  adaptation  of  the  rapid  solidification 
rate  process  to  Al  and  Fe  alloy  systems  and  terminates  with  a  payoff  analysis  of  new  materials  as 
adapted  to  V/STOL-A  and  FlOO  advanced  engine  derivative  requirements.  This  is  the  second 
technical  report  and  covers  the  fourth  through  the  sixth  months  of  the  program.  It  deals  with 
adaptation  of  RSR  processing  to  Al  and  Fe  systems  and  the  subsequent  evaluation  of  these  alloys. 


SECTION  II 


MATERIAL  SELECTION 

Several  alloy  selections  were  added  to  the  first  A1  and  Fe  matrices,  as  shown  in  Table  1 .  The 
emphasis  was  placed  on  A1  alloys,  concentrating  on  the  higher  Zn  contents,  8.4  to  9.8'’i  and 
covering  the  full  range  of  Co  concentrations  0.8  to  3.2'’( . 


TABLE 

1.  nRST  Al 
MATRIX 

AND  Fe 

Al  Matrix* 

Cobalt 

Zn 

0.8  1.6  2.4 

3.2 

S.6 

X  X 

X 

7.0 

X 

8.4 

X  X 

X 

9.8 

X  X 

Fe  Matrix* 

Molybdenum 

Cr  C 

2  4 

6  8 

■|i» 

KIM 

1%  V  held  constant 


*Amount8  are  in  wt  % 


Co  additions  form  an  intermetallic  compound  Co,Al,  which  is  insoluble  up  to  the  solidus 
temperature  of  the  alloy.  If  present  in  a  fine  dispersion  the  Co,Al,  is  expected  to  control  grain  size 
and  provide  dispersion  strengthening.  High  Zn  contents  should  provide  additional  second  phase 
material  for  precipitation  hardening. 

The  addition  to  the  steel  matrix  was  M-50  steel.  This  will  provide  a  comparison  of  the 
effects  of  rapid  solidification  to  conventionally  processed  material. 

Fe  and  A1  experimental  alloy  samples  were  produced  in  the  form  of  buttons  weighing  2  oz 
(60  gm)  for  Fe  and  1  oz  (30  gm)  for  Al.  A  computer  program  was  developed  which  makes  random 
alloy  selections,  when  the  input  data  are  desired  alloying  elements  and  their  range  of 
compositions.  Thirty  experimental  Fe  alloys  were  melted  by  a  tungsten  arc  melting  device  and 
treated  by  electron  beam  surface  irradiation  to  produce  macroregions  depicting  rapid  solid¬ 
ification.  Various  compositions  are  shown  in  Table  2.  After  difficulty  in  obtaining  proper  alloying, 
a  method  was  devised  to  make  experimental  Al  alloys  with  desired  compositions  by  induction 
melting  in  small  ceramic  crucibles.  Iron  alloys  were  produced  in  the  arc  melting  device  and  no 
problems  were  encountered  in  alloying. 

During  the  next  quarter  the  first  Al  matrix  will  be  repeated;  however,  the  powder  will  be 
handled  inertly  rather  than  in  air  as  was  the  case  previously. 
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TABLE  2.  COMPOSITION  OF  EXPERIMENTAL  IRON 
ALLOYS 


Alloy  No. 

CR 

MO 

V 

Mn 

Ni 

C 

Fe 

1 

16.262 

1.3046 

2.2628 

0.99374 

1.2796 

1.3172 

76.581 

2 

16.282 

6.1318 

2.1869 

1.1762 

1.188 

1.3332 

71.70.3 

3 

13.861 

3.9706 

1.8493 

1.1467 

1.0661 

1.0686 

77.048 

4 

10.065 

6.1623 

0.72107 

0.47221 

0.93889 

0.82412 

80.826 

5 

15.364 

6.1268 

2.2371 

0.7288 

0.92113 

1.4247 

73.207 

6 

10.624 

6.8809 

1.4764 

0.98778 

0.71623 

0.77248 

78.643 

7 

14.846 

6.6949 

0.68659 

0.70239 

1.3789 

1.0426 

76.75 

8 

11.019 

2.6297 

2.1411 

0.6336 

1.1982 

1.2464 

81.232 

9 

17.321 

0.31296 

0.7746 

0.5433 

1.0239 

1.1169 

78.908 

10 

16.479 

7.0266 

1.4146 

1.1663 

0.44826 

0.83962 

73.637 

11 

14.761 

4.98 

2.1762 

0.33929 

0.37178 

0.82849 

76.563 

12 

17.86 

7.386 

1.6684 

0.36571 

0.62287 

0.7828 

71.324 

13 

12.684 

6.613 

2.1626 

1.1352 

0.86622 

1.3286 

75.412 

14 

16.928 

2.467 

0.73184 

0.48411 

0.41893 

1.0239 

78.946 

IS 

17.674 

7.3168 

0.59652 

0.67471 

1.2361 

0.84584 

71.666 

16 

12.737 

0.61408 

0.63022 

0.86849 

0.71243 

0.95239 

83.685 

17 

10.666 

1.3664 

2.1669 

0.88963 

0.68281 

0.98526 

83.264 

18 

11.739 

6.6266 

2.3339 

1.3637 

0.43762 

0.76429 

76.746 

19 

13.762 

0.097094 

1.6491 

0.28622 

0.31381 

1.1199 

82.883 

20 

12.991 

4.4284 

2.367 

0.86826 

0.66627 

0.86262 

77.926 

21 

13.016 

1.1216 

1.449 

0.77303 

0.306 

0.87249 

82.462 

22 

17.234 

1.0664 

1.6247 

0.37111 

0.36896 

1.3236 

78.111 

23 

14.021 

0.73866 

0.9322 

0.90031 

1.0294 

1.0866 

81.292 

24 

12.919 

4.6009 

0.96091 

1.2614 

0.41611 

1.0614 

78.901 

25 

13.979 

7.2712 

2.1363 

0.22644 

0.78698 

0.82102 

74.779 

26 

17.172 

2.1241 

1.2243 

1.2092 

1.0161 

0.88972 

76.365 

27 

17.297 

4.2096 

0.90901 

1.1961 

0.82069 

1.1718 

74.396 

28 

17.698 

1.686 

0.90469 

1.3683 

1.1022 

1.1873 

76.065 

29 

13.678 

4.1678 

1.1698 

0.86966 

0.63201 

1.0615 

78.511 

30 

14.619 

3.6277 

2.1878 

0.46148 

0.79686 

1.1749 

77.244 

SECTION  III 


CONVERSION  AND  CONSOLIDATION 

Twelve  powder  runs  were  attempted  during  the  second  quarter  to  gain  more  experience  in 
operation  of  the  AGT  500,000  and  to  provide  additional  material  for  evaluation.  Nozzle  diameter, 
cup  radius  and  pour  temperature  were  varied  to  assess  their  impact  on  powder  yield.  Some 
difficulties  were  encountered  and  are  under  investigation  to  assure  the  best  possible  yield  of  - 140 
mesh  (105  micron)  powder.  Tables  3  and  4  give  material  compositions,  pertinent  information,  and 
comments  on  the  twelve  conversions. 

Eleven  XSR  A1  conversions  were  attempted  with  seven  being  successful.  The  yields  in  each 
case  were  in  excess  of  SO^f. 

Four  XSR  runs  did  not  pour  due  to  metal  solidifying  in  the  nozzle.  This  problem  was  caused 
by  a  lack  of  superheat  which  allowed  segregation  of  a  Co-Al  phase  within  our  vacuum  melt  master 
heats.  Pour  temperatures  used  in  the  AGT  500,000  were  not  sufficient  to  completely  melt  the  Co- 
Al  phase  which  settled  to  the  bottom  of  the  tundish.  As  a  result,  the  first  material  poured  was  a 
liquid  solid  slush  which  solidified  upon  reaching  the  nozzle  area.  This  situation  was  corrected  by 
modifying  vacuum  melt  procedures  to  prevent  segregation  and  apply  additional  superheat  during 
XSR  conversions. 

The  first  conversion  attempted  in  a  redesigned  high-temperature  furnace  was  XSR-46.  This 
furnace  incorporates  induction  melting  with  a  tantalum  resistance  heater  surrounding  the  nozzle 
to  provide  a  separate  nozzle  temperature  control  thereby  preventing  solidification  due  to  low 
nozzle  temperature. 

Although  XSR-46  was  successful,  the  yield  was  low,  26. 3*^1,  due  to  a  malfunctioning  helium 
quench  valve  which  occurred  during  the  first  half  of  the  conversion.  This  situation  was  corrected 
and  the  expectation  is  that  yields  from  steel  runs  will  be  comparable  to  A1  runs. 

Twelve  A1  extrusions  were  completed  at  AFML,  which  covered  seven  compositions  and 
three  extrusion  temperatures,  700®F  (371  ®C),  750°F  (399°r)  and  SOO'F  (427®C).  The  reduction 
ratio  was  16:1  through  a  60  deg  included  angle  steel  die.  Final  diameter  was  a  nominal  0.75  in.  (1.9 
cm).  Tables  5  and  6  give  particulars  on  each  extrusion. 

Three  alloys  XSR  30-1,  33,  and  36  were  selected  from  the  A1  extrusions  for  further  reduction 
by  swaging.  A  reduction  ratio  of  approximately  3.5:1  was  used  to  give  a  nominal  diameter  of 
0.40  in.  (1  cm).  Swaging  took  place  at  750'’F  (399°C).  Seven  passes  were  necessary  with  reheating 
between  each  to  achieve  final  diameter. 

Table  7  lists  the  reduction  schedule  for  XSR  30-1,  which  is  typical  of  the  other  two  alloys 
swaged. 


TABLE  4.  COMPOSITION  OF  ALLOYS  CONVERTED  TO 
POWDER* 


Powder  Run  No.  VM  No.  Zn  Co  Al  Mg  Cu  Cr  Mo  C  V  Fe 


TABLE  5.  ALUMINUM  EXTRUSION 
PARAMETERS 


Temperature 

op  (Op) 


•i 


TABLE  7.  SWAGING  SCHEDULE  FOR  XSR  30-1 


I 


Reduction  m 

Initial  Size,  in  fern) _ Final  Size,  in.  (cm)  Area 


0  760  (1.930)' 

0.720  (1.829) 

10.2 

0,720  (1,829)' 

0.665  (1.689) 

14.7 

0.666  (1.689)' 

0.590  (1.499) 

21.3 

0  590  (1  499)' 

0.520  (1.321) 

22,3 

0.520  (1  321)' 

0.466  (1.184) 

19,7 

0.466  (1  184)' 

0,425  (1.080) 

16.8 

0  425  (1.080)' 

0.390  (0.991) 

15.8 

‘4  Jaw  SwagitiR 
*2  Jaw  Swaaint 


SECTION  iV 


MATERIALS  EVALUATION 


ALUMINUM  ALLOYS 

Due  to  difficulty  encountered  in  producing  A1  buttons,  only  one  sample  B-4  was  treated  by 
electron  beam  (EB)  surface  irradiation.  This  sample  was  given  two  EB  passes  to  depths  of 
0.015  in.  (0.038  cm)  and  0.031  in.  (0.079  cm).  The  results  of  this  treatment  look  promising  and  a 
series  of  alloys  will  be  evaluated  in  the  next  quarter.  Figure  1  shows  a  representative  weld  and 
resulting  microstructure. 

Metallographic  examination  of  all  A1  extrusions  was  completed  in  both  the  heat-treated  and 
as-extruded  conditions. 

The  heat  treatment  was  870°F  (466°C)  for  1  hr  with  a  water  quench  plus  250°F  ( 121°C)  for 
20  hr  followed  by  an  air  cool  which  is  the  T-6  treatment  for  7075  Al.  This  selection  was  made 
because  of  similarities  between  the  XSR  alloys  and  7075  composition.  The  only  difference  is  the 
XSR  alloys  have  higher  Zn  contents  and  substitute  Co  for  Cr.  Since  Co  was  not  expected  to 
contribute  to  precipitation  hardening,  the  T-6  treatment  was  selected  for  initial  studies. 
Representative  microstructures  appear  in  Figures  2  through  4. 

In  addition  to  the  microstructural  evaluation,  hardness  measurements  were  made  after  each 
step  of  the  heat  treatment.  Results  are  tabulated  in  Table  8. 

Microstructural  evaluation  and  hardness  testing  were  done  on  the  three  swaged  samples,  as 
shown  in  Figures  5  and  6  and  Table  9,  respectively.  In  all  cases  the  hardness  of  swaged  fully  heat- 
treated  samples  displayed  an  improvement  in  hardness  over  as-extruded  FHT  samples. 
Additionally,  the  hardness  values  exceded  that  of  7075-T6.  Analysis  of  swaged  microstructures 
showed  a  significant  increase  in  grain  size  of  the  FHT  structure  when  compared  to  FHT  extruded 
material.  Additional  work  by  swaging  probably  breaks  up  a  surface  oxide  which  releases  grain 
boundaries  allowing  grain  growth.  The  surface  oxide  present  was  due  to  the  handling  of  Al  powder 
in  air. 

IRON  ALLOYS 

Considerable  difficulty  was  encountered  in  heat  treatment  of  Fe  experimental  alloys. 
Decarburization  of  EB  welds  did  not  allow  for  proper  evaluation  by  microhardness,  which  is 
strongly  dependent  on  carbon  content.  A  vacuum  furnace  with  a  forced  argon  flow  will  be  used 
to  prevent  decarburization  of  experimental  alloys  in  further  work. 
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Figure  5.  XSR  30-1  Extruded  and  Swaged 
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Figure  6.  Microstructure  of  XSR-33  Extruded  and  Swaged 
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TABLE  9.  HARDNESS  OF  SWAGED 
ALUMINUM,  Rb 


Sample  No. 

Aa 

Swaged 

FHr 

XSR-30-1 

53.4 

90.3 

XSR-33 

41.2 

92.5 

XSR-36 

35.3 

90.2 

SECTION  V 


ON-QOINQ  STUDY 

Evaluation  of  the  twelve  A1  extrusions  will  continue  includinR  mechanical  testing.  Hardness 
measurements  and  compressive  yield  testing  will  be  done  on  the  steel  extrusions.  Additional  A1 
and  Fe  conversions  will  be  made.  There  should  also  be  several  extrusions  done  at  AFML  of  both 
A1  and  Fe  compositions.  Analysis  of  A1  and  Fe  experimental  samples  produced  during  this  report 
will  continue  with  additional  effort  given  to  heat-treating  the  Fe  samples.  The  new  high- 
temperature  furnace  utilized  in  AGT  500,000  will  be  further  evaluated  for  optimization  of  yield. 


